Carbohydrates play a very important role in the human life cycle and form the base of many foodstuffs. 1 As integral components of glycoproteins and glycolipids, carbohydrates are involved in many biological processes, such as cell recognition and the immune response. 2, 3 Therefore, carbohydrate analysis is still of great interest.
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Various direct detection methods have been reported for carbohydrate combined with separation techniques, including flame ionization detection, 4 mass spectroscopy detection, 5 refractive index, 6 indirect UV (or fluorescence) 7, 8 and pulsed amperometric detection 9 for gas chromatography, high performance liquid chromatography (HPLC), ion chromatography and capillary electrophoresis (CE). Because carbohydrates lack chromophores (or fluorophores) to facilitate the sensitive detection with UV (or fluorescence) detection, derivatization has most widely been used for carbohydrate analysis. A number of methods were reported based on reductive amination with various chromophores (fluorophores): aminobenzoic acid (AA), 10 8-aminonaphthalene-1,3,6-trisulfonate (ANTS), 11 dansylhydrazine (DHZ), 12 and 9-aminoacridone (AMAC). 13 A direct chemiluminophore derivatization method was also reported using 3-aminophthalhydrazide (APH) for the analysis of monosaccharides. 14 Recently, tris(2,2′-bipyridyl)ruthenium(II) [Ru(bpy)3 3+ ]-based electrogenerated chemiluminescence (ECL) detection has been widely studied because it provides an extremely sensitive means of detection. Many works were reported for the assays of amino acids, proteins, amines, drugs with the combination of HPLC and CE separation techniques. [15] [16] [17] [18] [19] [20] [21] In this study, we investigate the CE-ECL method for the analysis of four monosaccharides, which usually closely positioned in CE electropherograms, using 2-diethylaminoethanethiol (DEAET) as a derivatization reagent.
Experimental

Reagents and chemicals
Tris ( 
Apparatus
A CE system was assembled in the laboratory. A Spellman CZE 1000R (Plainview, NY, USA) was used for electrophoresis and electrokinetic injection. A 25-μm i.d. 90-cm long uncoated fused-silica capillary (Polymicro Technologies, Phoenix, AZ, USA) was used for the CE column. The detection cell used in this study was similar to that described elsewhere. 22 A Pt working electrode (1.0 mm in diameter), a Pt wire counter electrode (1 mm in diameter) and a Ag/AgCl reference electrode were used in a conventional three-electrode system. The distance from the capillary end to working electrode surface was set at 100 μm by a microcontroller. Controlled potential electrolysis for Ru(bpy)3 2+ oxidation was carried out with a BAS-Epsilon (West Lafayette, IN, USA) electrochemical analyzer. The ECL light was captured by a Hamamatsu Photonics R238 photomultiplier tube (PMT) with a current preamplifier; the obtained voltage signal was recorded by a personal computer interfaced with multifunction optical power meter (Oriel, Stratford, CT, USA) using Tracq 32 TM Ver. 3.01 software. PMT voltage and gain value were set to 700 V and 10 6 V/A in this study.
Sample preparation
The prepared angelica samples were washed with water, dried at 70˚C, and then ground. Accurately weighed herb powders (0.2 g) were immersed in 25 mL methanol for about 15 h, and then sonicated for 30 min, filtered and diluted with methanol to 50 mL.
Derivatization procedure
The dithiomercaptalation reaction for free monosaccharides using mercaptoethanesulfonate has been described elsewhere. 24 In this study, acidified DEAET was used as derivatization reagent instead of mercaptoethanesulfonate to introduce tertiary amine groups to monosaccharides. The reaction is almost quantitative when appropriate ratios of trifluoroacetic acid (TFA)/DEAET were used, as reported by Honda et al. 25 The dithioacetals have no steric isomers because of the reaction at C-l asymmetric center. Larger amounts of by-products like monothioacetals were found when hydrochloric acid used as catalyst, while acetic acid can not produce dithioacetal. The reaction is shown in Fig. 1 . For the mercaptalation reaction, the diluted reducing monosaccharide standard solutions or the extracted angelica methanol solutions (100 μL) were dried by placing N2 gas flow, and were dissolved with 60 μL TFA in a 1-mL micro tube, and 25 mg DEAET was added. The mixture was allowed to stand for 30 min at 30˚C and evaporated to dryness again by placing ultra high purity N2 gas into the vial. Finally, the pH of derivatives was adjusted to neutral by adding 0.5 mol/L NaOH solution to the vial, and the aliquot was mixed with buffer solution (containing 10% (v/v) ACN) to a total volume of 1 mL.
Electrophoresis procedure
The separation buffer was prepared with 10 -50 mmol/L borate buffer containing 20% (v/v) ACN. The detection electrolyte was prepared by adding 200 μL of 50 mmol/L Ru(bpy)3 2+ solution to 800 μL of 100 mmol/L borate buffer solution. All buffers were prepared daily and filtered through a Whatman 25AS (Bridewell, NJ, USA) syringe filter prior to injection. A new fused-silica capillary was flushed with 1 mol/L HCl and 0.1 mol/L NaOH for 2 min and 30 min, respectively. During the separation, +15 kV voltage was applied to CE system. After the base line signal reached a constant value, electrokinetic injection (10 kV, 8 s) was performed for sample introduction, and electropherograms were recorded under a 1.23 V (vs. Ag/AgCl) potential applied on the Pt working electrode. Between two electrophoresis runs, capillary was rinsed with water and running buffer for 2 min.
Results and Discussion
Effect of pH on the ECL intensity
The effect of pH on the ECL intensity was investigated in the pH range of 5.8 -8.5 in 0.3 -0.50 pH units with 4 μM glucose. Maximum ECL intensity was found at pH 8.3. At very low pH values, the radical cation of tertiary amine group of derivate is difficult to deprotonate to form high reducing free radical intermediate. 26 The decreasing signal of ECL above pH 8.3 can be ascribed to the reduced availability of Ru(bpy)3 3+ because of the competitive reaction with the hydroxide ion at alkaline condition, 27 and the low solubility of the DEAET derivative.
Effect of buffer concentration on the separation efficiency
Among the four monosaccharides selected, glucose/glucosamine has little improvement in resolution by increasing buffer concentration, whereas the resolution of xylose/rhamnose continuously increased with increasing borate concentration. Rhamnose has a cis-1,2-diol; therefore, the resolution of xylose/rhamnose was greatly affected by borate buffer concentrations. 28 To avoid high current production, we found that a lower concentration of buffer was beneficial, so 30 mmol/L borate buffer was used in this experiment.
Effect of ACN percentages in separation buffer on the separation efficiency
Both xylose/rhamnose and glucose/glucosamine pairs of DEAET derivatives show maximum resolution at 20% ACN volume fraction in the borate buffer. When organic solvents are added to the buffer solution, it can alter both EOF and electrophoretic mobility of the analytes. 29 In the meantime, the ECL intensities of DEAET derivatives increased with increasing the volume fraction of ACN in the running buffer up to 30%. By considering resolution and peak intensity, we recommended 20% (v/v) ACN for this study. Figure 2 shows a typical electropherogram of a mixture of the four monosaccharides derivatized with DEAET under the above investigated conditions. Baseline separation of the four DEAET derivatives was obtained with theoretical plate numbers between 29000 and 63000. This supports the conclusion that the DEAET derivatization is useful for the monosaccharides separation and detection at a mild basic condition. However, because of weak charge of DEAET derivatives at this pH, separation of more complex monosaccharide mixtures is difficult to be carried out because of the retention time. For the further improvement of the separation efficiency of monosaccharides, micellar electrokinetic chromatography (MEKC) separation technique might be necessary.
Electropherogram of monosaccharide-DEAET derivatives
Analytical parameters
To evaluate analytical characteristics of this method, we obtained calibration curves of four monosaccharide concentrations versus ECL intensities. These were the optimum conditions: pH 8. Taking into account the short derivatization time needed and low-cost CE-ECL system, we conclude that this method is more available.
Application
The method was applied to determination of glucose in angelica. Figure 3 shows the electropherogram of the methanol extract of angelica. The peak of glucose was identified by migration time and by spiking the standard solutions to the sample solution. In the electropherogram, glucose peak and other not assigned peaks were detected. The content of glucose found in angelica was 1.9%, which is comparable to that reported by other methods. 23 
Conclusions
A novel derivatization reagent specific for the ECL system was developed for the assay of monosaccharides. The method provides sensitive results with relatively inexpensive instruments and can be applicable to a wide range of carbohydrates in various samples.
